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The current development of global warming and CO2 emission problems caimot be 
overlooked. Thus, global scale measures of efforts are becoming crucial. Thermal 
properties of insulation material are important to be considered, as high performance 
thermal insulation systems are crucial for efficient energy saving. The most important 
parameter as indicator of a thermal insulation material is the effective thermal 
conductivity, but elements that affect the thermal insulation performance are rather 
complicated. Generaly, in order to evaluate precisely the thermal insulation performance, 
conduction and radiation heat transfer are needed to be separately considered because 
they coexist in the heat transfer process inside a multilayer insulation system. Inthis study, 
radiation effects of heat transfer mechanisms by dispersive materials are investigated 
using numerical models in two-dimensional space under steady state condition. Thermal 
behavior in the proposed models is investigated to study the influence of thermo physical 
and geometric properties towards thermal properties in diffusive enclosed system by 
calculating the effective thermal conductivity. 
In Chapter 1, nrunerical analysis is carried out by assuming the medium within space 
inside the insulation system is taken to be non-participating, therefore conduction and 
convection effects during the heat exchange are negligible. View factor of each optically 
l紅gedispersed substances in the enclosure model are derived using Cross String Method. 
The method is applicable to various shapes and any particular arrangements of dispersed 
materials. View factor calculation is explained in detail since measurement of the cross 
and uncross string are different according to the orientation of gray bodies involved in the 
radiation ray. Square and triangular array arrangement of dispersed substances in a 
thermal insulation model are proposed in this chapter to investigate the influence of 
substances orientation in the enclosure system towards radiation effects by heat transfer 
mechanisms. Dispersed substances with different diameters are appointed in this 
numerical analysis while considering the contribution of radiative properties (irradiation 
and radiosity by dispersive substances) in the enclosme in order to understand the effects 
of area fraction of the substances towards behaviour of heat transfer mechanisms in the 
insulation model. From the analysis results, the insulation model has the lowest effective 
thermal conductivity when dispersed substances in the enclosure have big area fraction, 
low emissivity and in triangular・array arrangement. Regarding the case of a single column 
of dispersed substances with low emissivity, the enclosure has the lowest efective 
thermal conductivity when elements atthe hot and cold surface are prescribed with low 
emisivity. 
Radiant heating has the reputation of increasing the comfort level and lowering energy 
bils of residential buildings. A radiant heating system uses one or more temperature 
controlled indoor surfaces on the floor, walls or ceiling to heat the enclosure surfaces and 
other elements within the space. In Chapter 2, analysis model of a two-dimensional 
steady-state radiation heat transfer of a diffusive enclosed system consisting of dispersive 
materials from Chapter 1 is applied into the observation of heating effect in a radiant 
heating indoor room. All surfaces in the enclosure model are considered diffuse, gray and 
uniform in temperature and that reflective and emisive properties are constant over al 
surfaces. Again, the medirun within space in the indoor room is taken to be non-
participating, therefore conduction and convection effects during heat exchange are 
negligible and heat los are considered does not occur outside the enclosure model. Cross 
String Method is again applied in this analysis model to derive the view factor. Analysis 
of radiative properties is considered to calculate irradiation and radiosity among elements 
inside the indoor room model are investigated. Thermal comfort can be achieved by 
evaluating the amount of radiation rate of the object or human body in the room and 
investigating the effect of each elements in the enclosure. Lower amount of heat loss by 
the human body leads to better thermal comfort in the indoor room condition because of 
the radiation effects from internal wall surfaces. 
Insulation property of a multilayer thermal insulation model is investigated in Chapter 3 
where emissivity, transmission and reflection of heat radiation inside the insulation model 
are considered in correlating with heat conduction. The multilayer insulation model is 
proposed consisting five layers. Temperature distribution, heat exchange rates and 
effective thermal conductivity are calculated using repeated calculation from assumed 
temperature of each layers and influence of emissivity, transmissivity and thermal 
conductivity are expressed theoretically. 
The enclosure models for heat transfer calculations employed in this study are well known 
and basic, the accuracy of this calculation is validated since the analysis results are 
theoretically agrees with the fundamentals of heat transfer. The view factors for the 
dispersed material having various shapes and arrangements may be derived exactly using 
Cross String Method. Therefore, itis useful to use the model suggested here for the 
dispersed material with various arrangement as targeted in this study. This application 
from analysis model has the potential to be fmiher investigated by applying to tlu・e-
dimensional space and combining with experimental results for a better understanding on 
the thermal behavior of heat transfer mechanisms in the insulation material. 
【論文審査の結果の要旨】 (Muhd Azi Bin Che Seliman) 
当学位審査委員会は本論文を詳細に審査し，かつ論文審査会を平成 31年2月27
日公開で開催し，その発表と質疑応答について審査した．その審査結果を下記のよう
にまとめる．
本論文は以下の章から構成されている．
第 1章の「緒言」では，地球温暖化に対する有効な手段として断熱材の重要性を
挙げながら， これまでの研究例を検証している．その中で次世代の高性能断熱材開発
の上で最も重要な因子としてふく射伝熱機構に着目し，複合材料や多層材料から構成
される断熱材中の伝熱機構におけるふく射の寄与に関する伝熱モデルの提唱，モデル
によるふく射伝熱寄与の解明の重要性についてまとめている．また，本論文で扱う基
礎知識及び基礎概念として，物体表面のふく射の反射，吸収などの取り扱い方を解説
している． さらに複数の物体間のふく射熱交換で必要不可欠な状態変数として形態係
数を取り上げ，その基礎概念と分散体系における形態係数の決定方法を紹介した．ま
た，分散体材料内のふく射伝熱機構を明らかにするための最適モデルとして閉空間モ
デルを提唱し，その優位性と応用展開の有利性について言及している．
第 2章の「分散体系の断熱材の閉空間モデル」では，断熱材としてよく用いられる
繊維材料や粉体材料を簡潔に再現し，かつ材料中の物理現象をその原理を損なうこと
なく計算モデルに反映するための形態係数の求め方とその定義を詳細に述べている．
また，モデルによる熱量計算を周囲の境界条件も含めて行った（これは閉空間モデル
特有の熱交換の捉え方である）．さらに，種々の配列の分散体を含む材料中のふく射熱
量，温度分布の計算結果から，分散体材の有効熱伝導率（材料を均質なものと仮定し
て，平均的な熱物性値として決定した）を計算してその評価を行った．その際には，
分散体の射出率の分布（粒子 1個づつ変化させた場合にも対応可能）や，配列状態に
よる影響も考察することができた．
第 3章の「室内空調への閉空間モデルの応用」では，最近，室内の空調として「人
体に優しい空調方法」として注目されている床暖房，あるいはヒートショックなどに
有効な対策としてのパネル暖房にこの閉空間モデルを適用している．人体モデルを直
方体として簡略化し，壁の位置，壁温度，障害物の有無によるふく射の影響を詳細に
検討し，閉空間モデルの有用性と応用分野への適合性を検証している．
第4章の「断熱材料の多層モデル」では，．断熱材内部の熱伝導と材料のふく射透過
． 
． 
性を考慮した多層計算モデル（無限平板）を提案するとともに，基礎実験による実験
データとの比較検討を行っている． この多層モデルは閉空間モデル（有限幅には対応
可能であるが，熱伝導とふく射透過は考慮していない）の応用範囲を広めるための第
1歩である． フィルムなどのふく射透過性のある材料で空気を含んだ多層材料を作製
して，実験と多層モデル計算との比較検討を行うとともに，閉空間モデルによる計算
も行って，その有効性と広範囲への適合性を明確に示している．
上記の内容は国際会議 1編（室内空調問題への適用），国際学術誌に原著論文 1編
として記載されたまた，多層モデルヘの拡張法の提案や実験との整合性の検討を行
った結果を国際学術誌に投稿の予定である．
当審査委員会は以上を総合的に判断した結果，本申請論文が博士（工学）の学位を
授与するに値するものと認め，合格とした．
